The structure and composition of UMo 8 O 26 synthesized by solid state reaction method have been investigated by High Resolution Transmission Electron Microscopy (HRTEM), Selected Area Electron Diffraction, and EDX microanalysis. The ordering of U vacancies results in considerable enlargement of unit cell parameters: a n =6.44 nm, b n =1.45 nm, c n =1.6 nm. It is build up of four layers piled up in c direction. Each following layer is shifted relative to previous one by vector b n /4. Eight hexagonal tunnels in each layer are filled by U atoms, while the eight others are vacant (V). Interaction between U cations and vacancies is driving force for ordering. The variation of stoichiometry can be a reason for appearance of incommensurate modulations in these crystals. It seems plausible that this structure might also exhibit superconductivity at low temperatures.
INTRODUCTION
Structure of U-Mo oxides has been investigating since three decades at first by X-ray diffraction and later by High Resolution Transmission Electron Microscopy (HRTEM) [1] [2] [3] [4] [5] . It turns out that all these structures to some extent relate to orthorhombic one β -UMo 2 O 8 [6] . It is build up of ReO 3 -type slabs two MoO 3 octahedra wide and linked by -O-U-O-strings where U atoms have pentagonal bi-pyramid coordination. In all others U-Mo oxides with lower U/Mo ratio, such as UMo 5 O 16 and UMo 10 O 32 , the ReO 3 -type slabs are linked by additional cornersharing MO 3 octahedra forming six sided tunnels occupied by -O-U-O-U-O-strings. In this case U cations exhibit hexagonal bi-pyramidal coordination. U-vacancies can be present in these structures in order to maintain charge neutrality. Individual U-vacancies and their ordering were observed by HRTEM in U-Mo oxides [3] . The crystal structures of UMo 5 O 16 and U 0.75 Mo 5 O 16 was determined by single crystal X-ray diffraction and HRTEM [7] . In the later case 25% of U positions are vacant and these vacancies are statistically distributed over the hexagonal tunnels. The structure of UMo 8 O 26 was deduced from HRTEM images using only one [001] projection and X-ray powder diffraction data [8] . Unit cell is orthorhombic: a=3.223 nm, b=0.7262 nm and c=0.4029 nm. The model of this structure projected along [001] direction is shown in Fig1. It is build up of blocks of corner sharing MoO 3 octahedra infinite in two b,c directions separated by two rows of hexagonal tunnels. In the c direction this structure build up of one layer of MoO 3 octahera. The six-sided tunnels contain -O-U-O-strings where the uranium atoms have hexagonal bipyramid coordination U 8 . The 50% of U positions are vacant and statistically distributed, as it was claimed by authors. However, our results show that this structure is more complicated and U vacancies are ordered. The goal of this paper is to investigate three dimensional atomic structure of UMo 8 O 26 . and reveal spatial distribution of U vacancies in it.
EXPERIMENT
The specimen was synthesized at Chemical Faculty of Moscow State University by V.Tabachenko using solid state reaction method [7] . Crystals were several tenths of microns in size, black colored, with (001) cleavage plane. The later feature makes traditional method of EM sample preparation (crushing of crystals in agate mortar and successive deposition on holey carbon film) very ineffective for investigation of three dimensional crystal structure, because (001) cleavage allows us to observe only one projection of crystal structure. To overcome this problem the selected crystals were embedded in epoxy resin under vacuum conditions, then taken out to the air and polymerized at 150ºC. Received specimen was sliced, polished and thinned by 3kV Ar + ions in GATAN ion mill at the incidence angle 6º. Such a preparation procedure gives us a possibility to observe different projections of atomic structure. For high resolution imaging the 400kV microscope JEM4010 equipped with side entry goniometer (maximum tilting angle ±16º) was used. High resolution images were taken at Scherzer conditions (underfocus ∆ f=-45 nm), when cations appear in the image as a dark spots. The 200kV electron microscope Philips CM20 equipped with high angle side entry goniometer (maximum tilting angle ±45°) was used to 
RESULTS
The image of [001] projection of the U-Mo oxide structure taken at high resolution, diffraction pattern and Fourier filtered image are shown in figure 2a,b respectively. According to EDX microanalysis performed on this particular crystalline fragment the Mo/U =7.2±0.8. The unit cell parameters measured in diffraction pattern are: a=(3.25±0.05)nm, b=(0.73±0.01) nm. These data rather well correlated with structure of UMo 8 O 26 [8] . However, there are at least two points, which can not be explained in the terms of proposed structure model. 1.In the experimental image of wage shape crystal fragment atomic columns A and B look completely identically (see figure 1), while according to structure model they contain different atoms and should have different scattering power. Besides, according to the proposed model of structure (figure 1a) the rows of reflections (h10) have to appear in diffraction pattern (see calculated diffraction pattern in figure 1b) . These reflections are fully absent in experimental image as can be seen in figure 2a. 2. Another point is statistically distributed U vacancies. According to the structure model and composition there should be about 50% of U vacancies. Such an extremely high concentration of vacancies has to result in their strong interaction and ordering. Usually in solids even one percents of point defects bring about their condensation. In the case of their random distribution D4.12.3 one can calculate using Puasson formula, that in the case of reasonable crystal thickness the probability to get 50% fluctuation of composition in neighboring hexagonal tunnels, is about 6%. It means that approximately every fifteenth hexagonal tunnel have to display very bright contrast. These fluctuations could be easily detected in the high resolution images [3, 9] . The absence of such a compositional fluctuations indicate to ordered arrangement of U vacancies in crystal. Tilted projection of crystal structure was used to reveal the arrangement of U atoms along [001] . The crystal fragment shown in figure 2 was rotated at 17° around [100] (a-axis) (see figure 3  a,b,c) . Analysis of diffraction pattern and high resolution image shows that the unit cell parameter c is equal approximately 1.6 nm, i.e. four times larger than the height of MoO 3 octahedra. It shows that the unit cell comprise four layers of MoO 3 octahedra in c-direction. The diffraction pattern taken along [011] indicates that unit cell parameter b is doubled. One can see in figure 3a , that unit cell parameter a is also doubled. Thus, we obtain: a n =2a=6.44 nm, b n =2b=1.45 nm, c n =4c=1. At the same time, the ordered arrangement of U-vacancies is very often violated by stacking faults (SF). These planar defects change the sequence of stacked layers. For example, sequences of stacked layers in regions A and B (figure 3a) are …abcdabcd… and .. cbadcba… respectively. As a result we have superposition of diffraction patterns from both variants A and B in figure 3c . In some cases the extra reflections in diffraction pattern appear due to incommensurate modulations (see figure 3c) .
CONCLUSIONS
The structure of UMo 8 Only half unit cell a n /2 is shown. Large circles-U, small ones -Mo, oxygen atoms are not shown.
Such a crystal may display very interesting physical properties. For example, it can change the type of electrical conductivity with variation of U concentration. The excess of U would result in n-type of conductivity while U depletion to p-type. The variation of stoichiometry may be a reason for appearance of incommensurate modulations in these crystals, as it was found in many high Tc superconducting oxides. It seems plausible that this structure might also exhibit superconductivity at low temperatures.
